attractive alternative to insecticides; however, the release of resistant cultivars is sporadic because direct selection for borer resistance is not currently practiced in the cultivar development programs in Louisiana (USDA, ARS Sugarcane Research Unit, Houma, LA and Louisiana State University Agricultural Center, Baton Rouge, LA). The primary reason for not selecting for borer resistance is the desire by breeders to not encumber the current programs with an additional selection trait. Increasing the number of traits being evaluated without increasing resources would overload the plantbreeding programs with requirements, thereby destroying their productivity. Therefore, a recurrent selection program was initiated in 1986 to develop resistant germplasm for use in the commercial breeding programs. Crossing with sugarcane borer-resistant parents is an effective strategy to shift the family mean of biparental crosses to higher levels of resistance (Kimbeng et al., 2006) .
One confounding factor associated with releasing sugarcane borer-resistant cultivars is the positive relationship between resistance and high fi ber content , and high fi ber reduces sucrose recoveries (Gravois et al., 1990) . Selection of sugarcane borer-resistant clones increases the frequency of ideotypes with high fi ber, pith, tight leaf sheaths, and increased rind hardness of immature internodes (White et al., , 1998 ). An alternative approach is needed to identify a mechanism of resistance that is less strongly associated with reduced sucrose recovery. Antibiosis, one of the three recognized mechanisms of ABSTRACT PI 659991) and PI 659992) sugarcane (Saccharum spp.) germplasm were selected as clones for the combined traits of resistance to the sugarcane borer [Diatraea saccharalis (F.) ], vigorous growth habit, sucrose content, and biomass yield from the cross Ho 02-95 × MPTH 97-003. Ho 08-9001 had 13% bored internodes (10% bored internodes is the accepted economic injury level for sugarcane borer in Louisiana) but had comparatively low values for adult emergence and larval weight. Ho 08-9003 had bored internodes equal to the accepted economic injury level and also had low values for adult emergence and larval weights. The low adultemergence values and low larval weights suggest antibiosis as the mechanism of resistance to the sugarcane borer; antibiosis is a resistance mechanism not yet exploited for stem borer resistance in Louisiana. When averaged across the plant-cane and fi rst-ratoon crop, Ho 08-9001 had 21% more cane yield (117 vs. ). The combination of resistance, high early-generation (F 1 ) sucrose, and high cane yield makes these two clones attractive to sugarcane breeders to develop insect-resistant sugarcane cultivars.
resistance, is one possibility and is used to describe those adverse effects on the insect's life history that result when an insect uses a host-plant cultivar or species for food (Painter, 1941) . Exploitation of this mechanism will require a different selection strategy than is currently practiced in our program.
Such a selection strategy should include a diet bioassay to screen germplasm for the presence of biologically active compounds that adversely impact larval development. Meagher et al. (1996) reported a diet incorporation study with sugarcane and demonstrated the existence of compounds that expressed activity against the Mexican rice borer [Eoreuma loftini (Dyar) (Lepidoptera: Crambidae)]. Following such a bioassay, those clones expressing antibiosis could then be incorporated into a backcross breeding program. Clones of Saccharum spontaneum L. have frequently been used by sugarcane breeders as a source of genes for disease resistance, stress resistance, and overall hardiness. It is known that the species possesses variability for a number of traits and has previously been reported as a source of resistance to the sugarcane borer (Jackson and Dunckelman, 1974) .
The USDA-ARS Sugarcane Research Unit has an ongoing breeding program for germplasm enhancement of sugarcane. The basic breeding program has been in place since 1972 (Dunckelman and Legendre, 1982) and routinely develops parental material using wild germplasm for Louisiana's commercial cultivar development programs. As part of this program, a collection of accessions of S. spontaneum is maintained for characterization and breeding for various traits. A group of 10 accessions acquired from Thailand (prefi xed by MPTH for "Mitr Phol Thailand") appear to be contributing to the adaptation of new parental material to our growing region. Ten of these clones were screened for resistance to the sugarcane borer and subsequently used as parents in the basic breeding program. Two clones PI 659991) and PI 659992) were selected as early-generation clones for the combined traits of resistance to the sugarcane borer, vigorous growth habit, cane yield, and sucrose levels for a wide cross. The unique combination of sugarcane borer resistance and high early-generation (F 1 ) sucrose makes these two clones attractive to sugarcane breeders for further backcrossing to develop insect-resistant sugarcane cultivars.
Methods

Bioassay of S. spontaneum Parental Breeding Material
S. spontaneum is a noxious weed; therefore, regulatory policy prevents fi eld evaluations from being conducted with this species. Consequently, all accessions are maintained on a concrete pad in 38-L pots. Ten accessions originating in Thailand were evaluated in this study . Pots were arranged on the isolation pad as a randomized complete block with four replications (one pot per replication). Four to six stalks were sacrifi ced from each pot to provide material for use in a laboratory bioassay. Since stalks were needed to obtain fl owers for crossing, in situ infestation was avoided. Three or four fully expanded internodes were harvested from just below the apical meristem of each stalk and immediately placed on ice. These are the target internodes because they are the typical site of entry into the stalk by sugarcane borer larvae (White, 1993) . The leaf blade was removed from the associated leaf sheath, but the leaf sheath was left intact. Approximately 100-250 g of fresh material was harvested from three plants of each accession. Samples were brought back to the laboratory, where they were rinsed in tap water, dried, and frozen at −0.5°C. Frozen samples were placed in a freeze drier (Heto-Holten A/S, Allered, Denmark) and dried to approximately 30% of their wet weight and subsequently ground into a fi ne powder using a plant sample grinder (RetschMühle, Haan, Germany). Ground samples were immediately placed back in the freezer until required for the bioassay. Our bioassay was a modifi cation of procedures used by Buckley et al. (1991) . Fifteen grams of freeze-dried plant tissue was weighed from each plant within a single-pot replication and combined with 5 g of freeze-dried maize (Zea mays) tissue, 132 mg of neomycin sulfate, 132 mg of sorbic acid, and 528 mg of ascorbic acid. These dry ingredients were added to 3 g of agar dissolved in 250 mL of water. The maize tissue was added to the mixture to encourage larval feeding since neonate larvae will not feed on freeze-dried sugarcane tissue alone (White, 2000) . The ingredients were mixed thoroughly and then a 15-mL aliquot of the suspension was poured into 30-mL plastic rearing cups. The cups were allowed to cool under a clean air hood until they reached room temperature and then two neonate sugarcane borer larvae were placed into individual cups. Plastic cups were placed into a 30-cell rearing-tray (Andex Industries, Escanaba, MI) as a four-replication, randomized complete block design with fi ve-cup subsamples for each treatment. All trays were placed into an environmental growth chamber where they were held at 28°C with a 14-h light/10-h dark cycle, and ambient relative humidity. After 14 d, the cups were removed from the chamber, and the number of surviving larvae was recorded and weighed either alone or in pairs.
Data were analyzed by PROC GLM of SAS (v. 9.1, SAS Institute, Cary, NC). When two larvae were present, the weight was entered as the mean of the two larvae and each treatment was analyzed as the mean of fi ve subsamples. Subsamples were averaged because earlier, unpublished results (1999) have shown that the statistical analysis is more effective when subsamples are pooled.
Field Evaluations Resistance Evaluation
In the fall of 2003, a cross was made using MPTH 97-003, and 72 progeny from this cross were transplanted to the fi eld and incorporated as part of the standard selection procedure for early-generation sugarcane clones in the basic breeding program. Although there were other low-larval
Journal of Plant Registrations, Vol. 5, No. 2, May 2011 has evidence of a fl ap (an emergence gate for the moth). Data on the percentage of damaged internodes and adult emergence holes were also collected in the fi rst-ratoon crop on 27 October 2008.
Agronomic Evaluation
An evaluation to determine agronomic performance was established at the same time as the insect resistance study. Each of the 35 selected clones was planted in a single, unreplicated, 4.9-m plot. For agronomic evaluation, the clones were visually scored (1 = best rating for trait; 9 = worst rating for trait) for height, pith, stalk diameter, and erectness. The population of stalks per hectare was estimated based on counting the number of stalks in August. Estimates of stalk weight (kg) were determined for each clone from 10-stalk samples collected in both the plant-cane and fi rst-ratoon crops. The 10-stalk sample was weighed and then shredded using a pre-breaker comprised of two sets of hydraulically powered rotating blades (CAMECO Industries, Thibodaux, LA). Juice was extracted from a random 1000-g sample of the shredded cane and Brix (%) and pol (%) were measured by hydrometer and polarimetry, respectively (Tew et al., 2009 ). The remaining residue was weighed and subsequently dried and reweighed to determine fi ber content (fi ber % residue × total residue % cane divided by 100) (Legendre, 1992) . Cane yield (Mg ha ) by the stalk weight (kg) and then dividing by 1000. Sucrose content (kg sucrose Mg −1 ) was estimated as described by Legendre (1992) . Sugar yield (Mg ha −1 ) was estimated as the product of cane yield by sucrose content and dividing by 1000.
Bioassay of Field Material
In 2008, leaf tissue was collected from the insect evaluation plots from individual replications on the following dates: 11 July, 15 July, 22 July, and 30 July. Five target internodes were collected from each plot. Procedures similar to those used for the initial assay were used for evaluating fi eld material, with each sample date considered as a replication. The diet ingredients were mixed thoroughly and then poured into a 32-cell rearing tray. Although the volume of the diet was the same (15 ml), rather than use individual cups, 32-cell (8 × 4) rearing trays were used for this assay for the sake of convenience. Eight treatments were randomly assigned to each tray with four subsamples per treatment. Therefore, eight trays were required for each replication. In the fi eld, sugarcane borer larvae generally enter stalks when they are about 10 d old. We attempted to decrease the time required to conduct this bioassay by determining larval weights at 10 d rather than the usual 14 d. Following this fi rst weighing, we saw little difference among treatments and therefore planned to weigh the remaining three replications at fourteen days. Unfortunately, the weighing of replication four was delayed 11 d due to hurricanes Gustav and Ike. The number of larvae surviving per cell was recorded for each replication. Each treatment was analyzed as the mean of four subsamples. When two larvae were present they were again weighed together. weight clones of S. spontaneum, only MPTH 97-003 was utilized because of poor fl ower synchronization with the borer-resistant parent Ho 02-95. This clone was derived from our second cycle of recurrent selection for borer resistance, and its parents were (US 90-24 × 'HoCP 85-845'). US 90-24 was derived from our fi rst cycle of recurrent selection from the cross CP 79-332 × 'CP 65-357'. HoCP 85-845 ('CP 72-370' × CP 77-403) was released as a cultivar with sugarcane borer resistance (Legendre et al., 1994); however, it was not selected for this trait.
Since alternative sources of resistance were being sought to avoid selection of high-fi ber ideotypes, borer damage was not utilized as a selection criteria in the early selection stages. Clones were visually selected for height, population, ratooning ability, pith, erectness, and stalk diameter. Thirty-fi ve F 1 clones derived from a cross between a resistant MPTH 97-003 (male) identifi ed in the bioassay and the elite high-fi ber, borer-resistant sugarcane clone Ho 02-95 (female) were selected in 2005 at the Sugarcane Research Laboratory's Ardoyne Research Farm, near Schriever, LA. In 2005, these selections were planted in a 1.8-m increase plot, and in 2006 were included in a replicated sugarcane borer evaluation trial.
For the borer evaluation, the fi eld design was an randomized complete block with four replications. Individual plots were 1.8 m long, and the interrow spacing was also 1.8 m. The following spring, maize was planted on two sides of the evaluation. The maize served as an inoculated host to intensify and ensure uniform sugarcane borer pressure (White et al., 1996) . One important assumption made was the absence of oviposition preference by the female moth (i.e., antizenosis). We assumed that the egg load on each clone was comparable. The only sugarcane plant trait reported to be associated with antizenosis is leaf pubescence (Sosa, 1988) , and none of our selections demonstrated this trait. Maize was planted in the spring and infested 3 May in 2007 and 13 May in 2008. Individual plants were infested with 15 ± 2 fi rst-instar sugarcane borer larvae by means of a handheld inoculator.
In the plant-cane crop, a random 10-stalk sample was removed from each plot on 9 November 2007. The stalks were topped at the last mature internode, and the leaves and associated leaf sheaths were removed. Two measures of resistance (bored internodes and number of adults emerging) were taken and were each assumed to measure different mechanisms of resistance. A bored internode indicates the successful entry of a larva into the stalk. Clones with a lower percentage of bored internodes indicate the presence of traits that inhibit successful penetration, such as high fi ber and a hard internode rind. The presence of a pupal gate is an indication of successful larval development and subsequent emergence of a moth. Cultivars with high numbers of successful moth production are assumed to contribute to higher area-wide populations of the sugarcane borer (Bessin et al., 1990) . Low numbers of emergence holes is an indirect measure of the existence of a possible resistance factor within the stalk. These two types of holes are easily distinguishable because the exit hole is two to three times larger in diameter than the entrance hole and the exit hole were the two clones showing the greatest resistance to the sugarcane borer. Unfortunately, early work with these lines suggested they may have low general combining ability, because the progeny from these two clones were frequently inferior to those of other tested clones when evaluated under standard agronomic selection practices. MPTH 97-107 and MPTH 97-003 exhibited the strongest indication of high general combining ability among the tested clones. Clones MPTH 97-216, MPTH 97-218, and MPTH 97-388 produced larvae with high weights in the bioassay, so as parents, they were not considered likely to contribute to borer resistance in the progeny. The remaining parental candidates producing low-to medium-weight larvae included MPTH . While attempts were made to cross all of these clones with elite borer-resistant clones, fl ower synchronization prevented the production of seed from most of the possible combinations. MPTH 97-003 fl owered synchronously with US 02-95, and a cross was made between these two parents.
Field Evaluations
In the search for borer-resistant germplasm, an attempt was made to identify clones that were associated with superior agronomic and sucrose traits as well as resistance. Two independent selection criteria were imposed on the 35 selected clones. These clones were selected for borer resistance independent of agronomic performance and vice versa. Selected clones from each selection strategy were compared and common clones from the two groups were determined. Table 2 summarizes the results of the borer fi eld evaluation and bioassay of fi eld plots. Borer pressure was four times greater in the plant-cane crop compared with the fi rstratoon crop. Although less intense in the fi rst-ratoon crop, borer damage in the susceptible check showed more than 10% bored internodes, and the fi rst-ratoon data was weakly correlated with the plant-cane damage (Spearman correlation coeffi cient = 0.58; Pr. > |r| = 0.0001) (PROC CORR of SAS v. 9.1, SAS Institute, Cary, NC). Signifi cant differences were detected among clones for bored internodes (Pr > F =
Resistance Evaluation and Bioassay of Field Material
Characteristics
Plant descriptors for sugarcane in the USDA-ARS GRIN system were used as a guide (http://www.ars-grin.gov/npgs/ descriptors/sugarcane [verifi ed 17 Jan. 2011]). The plants described were characterized on 11 November 2009 at approximately 210 d from spring emergence. The two selections were similar in plant structure to one another and were visually similar to many clones derived from S. spontaneum: tall with numerous small-diameter stalks. When the stalk number was averaged across the plant-cane and fi rst-ratoon crops, Ho 08-9001 and Ho 08-9003 were estimated to have 157,000 stalks ha −1 and 164,000 stalks ha −1 , respectively. The cultivar HoCP 96-540 grown in the same fi eld was estimated in the nearest plot to have 82,000 stalks ha −1 when averaged in the plant-cane and fi rst-ratoon. Ho 08-9001 was slightly larger in diameter with 2.1-cm stalks when compared with Ho 08-9003, whose stalks measured an average of 1.9 cm. The stalks were smaller than those typically observed in commercial sugarcane cultivars.
Both germplasm clones had light green stalks covered by an abundant, but easily removed, layer of wax. No growth cracks were observed in the bobbin-shaped internodes. The internodes of both cultivars had a slight zig-zag pattern, with Ho 08-9003 being slightly more predominate than Ho 08-9001. Ho 08-9001 exhibited a tall deltoid bud shape with the bud extending above the obconoidal growth ring. Ho 08-9003 was also characterized by an obconoidal growth ring; however, the bud was pentagonal. The bud groove was almost absent in Ho 08-9003 but was considerably deeper in Ho 08-9001.
The leaf canopy of both clones was very small compared with most commercial sugarcane cultivars and was slightly more fl at than erect. The leaf blades of Ho 08-9001 were curved in the middle, whereas those of Ho 08-9003 were bent in the middle. The dewlap of Ho 08-9001 was olive green, waxy, and squarish-level in shape, and that of Ho 08-9003 was olive green, waxy, and deltoid ascending. Neither clone possessed leaf sheath hair, collar hair, or an auricle. Both clones are considered moderately self-stripping and were rated a seven (0 = clinging very tightly, and 9 = easily shed). The leaf sheaths of both clones were rose colored and contained a small amount of easily removed wax. Both clones possessed a crescent-shaped ligule; however, Ho 08-9001 had a broader lozenge than Ho 08-9003. Both selections fl owered freely in the fi eld, which is not typical of other cultivars grown in Louisiana.
Discussion
Bioassay of Parental Breeding Material of
Saccharum spontaneum Table 1 summarizes the results from the initial bioassay of the stalks collected in can culture from the isolation pad. As a group, this collection of MPTH germplasm did not express as high a level of antibiosis as previously encountered in this same species (White, 2000) . Differences were not detected among clones for number of larvae surviving (Pr > F = 0.1858), but mean larval weight was highly signifi cant (Pr > F = 0.0003). MPTH 97-200 and MPTH 97-213 
Availability
The USDA-ARS Sugarcane Research Unit will make available small quantities of vegetative setts for breeding and research purposes. These vegetative setts may be obtained from the corresponding author.
Conclusions
Ho 08-9001 and Ho 08-9003 are promising sugarcane clones expressing antibiosis to the sugarcane borer. Both are F 1 progeny resulting from a wide cross and will require additional backcrossing to obtain commercial sugar yields. It will be necessary, however, to bioassay progeny at all levels of crossing and backcrossing to retain the antibiosis trait. Identifi cation of additional sources of resistance will continue to be pursued as part of the USDA-ARS-SRU basic breeding and entomology programs. Attempts will be made in the future to cross the low-larval-weight MPTH 97-200 and MPTH 97-213 with elite commercial breeding lines in an attempt to identify acceptable breeding clones and identify crosses with high specifi c combining ability. Care should be taken when choosing other borer-resistant parents for backcrossing to reduce the chance of producing progeny with unacceptably high fi ber levels, thereby reducing sucrose recovery.
0.0001) and number of adults emerged (Pr > F = 0.0783) in the plant-cane crop; bored internodes (Pr > F = 0.0001) and number of adults emerged (Pr > 0.0031) in the fi rst-ratoon crop; and larval weight (Pr > F = 0.0001). It is not certain why the sugarcane borer-susceptible standard ('HoCP 91-555', Legendre et al., 2000) produced smaller larvae (roughly half as large) than the borer-resistant standard (HoCP 85-845).
Weights obtained for commercial standards in this bioassay were comparable to those for commercial standards obtained in a previous bioassay (White, 2000) . In that study we observed no signifi cant differences among commercial standards in 14-d larval weights.
Agronomic Evaluation
When rated for agronomic performance, emphasis was placed on sucrose content, cane yield, and sugar yield. 
